Abstract -Often practical performance of analytical redundancy prevailing not only in the system model, but also in the for fault detection and diagnosis is decreased by uncertainties pre-measurements. vailing not only in the system model, but also in the measurements.
I. INTRODUCTION intelligent systems.
Uncertainty has been a common theme in a several fields. It
The collaboration between these two communities to develop is a term used to express that nothing is perfect in this world, at more powerful tools for fault detection and diagnosis has been least in the sense that we perceive it.
one of the goals of the European Network of Excellence on least perceive~~~~~~~~M odel Based Systems and Qualitative Reasoning (MONET) [3] , Considering a system it is possible to identify several sources patclBarlyothe rdg QtaskvgRoup. 
considered complete only when accompanied with a quantitative (1) statement of its uncertainty.
Often practical performance of several model-based fault where y(k) C 1k>' ... y(k -n) C IRfn are the outputs of the detection and diagnosis techniques is decreased by uncertainties system at instants k ... k -n, f is a vector of continuous functions, u(k -1) E Rn-... u(k -m) E Rn-are the inputs at also be included in the model. This variable takes into account, instants k -1 ... k -m, and p C IRnp is a vector of parameters. for example, unknown inputs, unmodeled dynamics of the actual An analytical redundancy relation (ARR) is an algebraic plant or an error due to the discretization procedure. constraint deduced from the system model which contains only
In section II, the problem of detecting faults is stated as a measured variables. An ARR for Equation 1 is Quantified Real Constraint satisfaction problem, which can be solved using the Modal Interval Analysis (MIA). The sliding
time windows, which are introduced in this section, reduce the computational effort required and improve the fault detection where y(k) is the measured output of the system at instant k results. This method is implemented in SQualTrack, a software and y(k) is an analytical output of the model at instant k and package to detect faults in uncertain systems, which has been computed as applied in the European project CHEM (Advanced Decision Support System for Chemical/Petrochemical Manufacturing of the system. This is the consequence of the uncertainties of the are presented in section IV. Finally, section V provides some system and the procedure of systems modelling,.ocuin n ulnsteftr ok The better model used to represent the dynamic behavior of the system, the better will be the chance of improving II ROBUST FAULT DETECTION USING INTERVALS the reliability and performance in detection and diagnosis of faults. However, modelling errors and disturbances in complex
The model based fault detection using modal intervals, engineering systems are unavoidable and, hence there is a need is based on the calculation of effective thresholds (adaptive to develop robust fault diagnosis algorithms. The goal of thresholds or envelopes) to bound the uncertainty of parameters robustness is to minimize the false and missing alarm rates due to and measurements. To compute the envelope limits, it is the effects that modelling uncertainty and unknown disturbances necessary to compute the range of a function in a given will have on the residuals. This can be achieved in several parameter space at each prediction step, which is very costly.
ways, e.g. by statistical data processing, averaging, or by SQualTrack [15] calculates iteratively external estimates finding and using the most effective threshold. One way to find effective thresholds is using intervals to bound the parameters
and measurements uncertainty. In this way adaptive thresholds (envelopes) could be obtained.
of the predicted behavior from the model Y(k), so the cost is Some interval methods have been proposed in the context heavily reduced. These estimates are closer at each iteration of fault detection and diagnosis, e.g. [8], [9], [10], including and, after an infinite number of iterations, the exact range Y(k) constraint propagation to solve fault detection problems [11] , would be calculated, but the algorithm stops when the external and in [12] , where the problem is solved using a tool known estimate is close enough to detect the fault, thus saving much as IntervalPeeler, based on constraint projection algorithms, 2B-computational effort for the detection of faults. However, if no consistency, to reduce interval domains of variables without fault is detected, the algorithm will never stop. This drawback bisections.
can be overcome by using an internal estimate, In this paper, the uncertainties associated with the system Yin(k) C Y(k), (7) itself and with the measurements are taken into account, also by using intervals. Through these interval techniques, another which is included in the exact envelope. If the measurement variable such a perturbation, which is unknown but bounded can is within this envelope, then the fault, if it exists, will not be detected, and so the algorithm will stop iterating. The internal The number of missed alarms is reduced by using several and external estimates of the exact envelope, which are depicted window lengths simultaneously, as a fault is detected when in Fig. 1 In particular for the fault detection application, they are '~~~~~~~~~~~~~~used to guarantee that the model of a residual is inconsistent y(k k-w)= f(y(k-w),ui(k-l),. ..,ui(k-w),p) (10) when there is no solution. The algorithms that are based on consistency techniques are actually "branch and prune" T2 as the input, and controls a valve, V1, which regulates the algorithms, i.e., algorithms that can be defined as an iteration flow of water to Ti. of two steps [20] 
The system is composed of two tanks, Ti and T2, a valve, ±~&s1 ik)l k2 2k)1) (2 V1, and a controller, RI1, which receives the current level of 
D. Simulation results
not a consistent region of parameters when the fault is detected. In this section two faulty scenarios are considered, (i) a fault Fig. 4 shows the output envelope measured (solid black line) is (bias) in the level sensor x1, and (ii), a leakage fault in the out of the external envelope calculated (dashed red line) when tank Ti. The fault detection results obtained by using the BC4 the fault is detected. The internal envelope calculated, is the algorithm and Weak-3B consistency technique, are similar. So green dotted line. afterwards, SQualTrack and Weak-3B consistency technique are compared.
In Fig. 5 and 6, obtained results in the case of leakage In Fig. 3 and 4 , obtained results in the case of bias are shown. are shown. The leakage begins at sample 400 and is detected The fault in the sensor begins at sample 300 and is detected at at sample 411 using a window length 25. The fault detection sample 301 using a window length 5. The fault detection alarm alarm is turned on by the Weak-3B consistency technique. Fig. is turned on by both the Weak-3B consistency technique and 5 shows how the consistency region of parameters starts to SQualTrack in a simultaneous way. Fig. 3 shows that, there is disappear when the fault occurs.
